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MEMORANDDI+i 	' 

SUBJECT: Implementation of Exposure Assessment Guidance for RCRA 
Hazardous Waste Combustion Facilities 

FROM: 	Michael H. Shapiro, Director 
Office of Solid Waste (Mail Code 5301) 

TO: 	Waste Management Division Directors, Regions T-X 

Thi.s memorandum transmits guidance and recommendations on how 
to implement the,Agency's guidance on conducting indirect exposure 
assessments in determining permit conditions for RCRA hazardous, 
waste combustion facili.ties. The primary Agency documents on this 
subject are the 1990 ORD report "Methodology for Assessing Health 
Risks Associated with Indirect Exposure to Combustor Ema.ssions" 
and the 1993 Draft Addendum to that report. 

While the Agency's .Draft Addendum to the Tndirect Exposure 
Document describes the general procedures in conducting indirect 
exposure assessments and provides some level of detail on parameter 
assumptions and other specific factors, there are a number of 
addi.tional issues which need to be dealt with in the context of 
specific programs. The attachment to this memorandum attempts to 
address those issues in the context of the RCRA program. The 
issues are discussed under the following categories: 

Who Performs the Risk Assessment 
Emissions Issues 
Risk Characterization Tssues 
Risk Management Issues 

It is important that this material be used in conjunction with 
the Draft Addendum and the Indirect Exposure Document, since its 
intention is to supplement those documents. For example, 
references to documents mentioned in thaa.s memoranduin are generall.y 
provided in the Draft Addendum. 
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EPA will need more extensive analysis of the chemicals i,.er 
in the emissions to estimate risks from both direct and ir. 
exposures., The risk assessment called for in Draft St 
involves two significant expansions from what was tylp 
conducted previoiisly: (1) the number of routes of exposure ~ 

expanded and (2) the number of compounds analyzed and used 
risk assessment will be expanded in order to identify as 1 
fraction of the emissions as is realistically possi.ble. 

Guidance on Deveiopment ot f•aciiloy-apecici ~; .~J~a~ 

While the actual list of compounds 'the facility must 
and analyze is to be determined by the permit writer, the fol 
guidance is offered to assist the permit writer in develc 
site-specific list. 

a. The first list the permit writer shduld consider requir: 
faci.lity to sample and analyze is the 12 metals cur 
regulated under the BIF rule. (For boilers and indt 
furnaces, these metals must.be  addressed• for incineratc 
is strongly recommended they be addressed.) The secor 
the permit wri.ter should consider requiring the-facil 
sample and analyze are the compounds recommended in Tab: 
Attachment A(a.k.a. the "PIC list" ). The permit writ 
al.so  want to include some of the compounds on Tabl 
Attachment A. The compounds on Table Z are curre ly 
evaluated and may be recommended at a future point iri 

b. Additionally, it is recommended that the permit writE 
require the analysis of the 20 largest peaks obtained 
GC-Ms analysis of the trial burn., This analysis will hc 
determine whether there.are any compounds that are not 
attached PIC list but that are present in high amount 
mi.ght signi.ficantly affect the risk. 

c. The PIC list includes a fu11 substituted dibenzo-p-dio: 
dibenzofuran analysis. Tt is recommended that the 
writer require the facility to perform this analysis ii 
to identify compounds with resoltition that wi,ll ident-' 
number of chlorine (or bromine or other halogens) mo: 
and whether the congener has a halogen on the : 
positions. The purpose for this resolution is to cal 
Toxicity Equivalents (TEQs) which are used to calculat 
at ths point of exposure. 	There are 7 pc 
2,3,7,8-substituted dibenzo(p)dioxin congeners, ranga.r 
.tetra-substituted to octa-substituted congeners, 
10 possi.ble 2, 3, 7, 8 -substituted dibenzofuran congenere 
ranging from tetra-substituted to octa-substituted conc 

d. The PIG,list also includes a full polychlorinated bi 
(PCB) scan. It is recommended that the permit writAr i 
.the facility to perform this analysis in order tc. .et 
whe total PC8's.' There are 209 possible PC8 conc 
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ranging from mono-substituted c.ongeners to deca-substituted 
congeners. 

e. The permit writer should also require the facility to sample 
and analyze any additional highly toxic compounds that will be 
in the trial burn waste in hiqh concentrations. 	The 
formulation of the wastes used in the trial burn is intended 
to provide a representative mixture of constituents that will 
aqnexate PICs that are characteristic of emissions from the 
raca..Li>;.y  
establish protective permit conditions. However, some of 
these compounds may survive the combustion process and be 
emitted intact. Hence, the list of principle feed 
constituents should also be added to the list of compounds for 
which the facility should sampJ.e and analyze. See 
Attachment B, "Guidance on Trial Burns," for a full discussion 
of factors to consider in the selection of waste constituents. 

f. 'Ihe permit writer may also require sampling and analysis of 
nitrogenated organic compounds. At this stage of development 
of the draft PIC list, not all of these compounds - have been 
added. It is anticipated that EPA's stack sampling,program 
will provide further guidance for nitrogenated PICs that the 
permit writer may require of the facility. Nitrogenated PICs 
are expeeted during the maximum temperature test. 

g. The permit writer may also require sampling and analysis of 
any additional PICs that the permit writer believes are 
impartant. 

Further guidance on the selection of compounds for analysis is 
provided in the trial burn guidance (Attachment B). 

Development of the PIC List 

The draft PIC list (i.e., Attachment A) was developed from 
existing data in EPA's possession as well as lists of toxic 
compounds from certain EPA programs. Since these Iists were not 
developed to be lists of toxic PICs, compounds have been deleted 
from the lists that appear to be inappropri.ate. EPA recognizes the 
importance of using specific focused studies to develop a PIC la.st  
that is appropriately protective of the envi.roninent and not 
excessively burdensome on the regulated community. 'However, OSW 
considers it appropriate to use a draft list that is based on 
existing data for an interim perio.d. As EPA collects additional 
PIC data, this list will be revised. 

Source lists included: 

* 	The hazardous waste constituent list in 40 CFR 
Appendix VIII (affice of Solid Waste-OSW) 

* 	The Hazardous Air Pollutants (HAP) list (t?ffice 
QualitX Planning and Standards-OAQPS) 
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* 	office of Research and Development list of a n 
compounds found in combustion devices devel 
for the Draft Addendum to the Indirect E 
Document (includes PICs found in hazardou: 
combustion devices and other combustion dev 

Inappropziate compounds were deleted from this list 
following basis: 

- Compound was a pesticide that was unlikelv to be a. 
r.—e...:44.. 	 .t 6 iS +3t1 ClJH cE3gtl1d Gt.'a arug 

- Compound listed because it is a carcinogenic sugar 
substitute 

- Listings that are not chemical specific such as "co:. 
- Compound for which EPA does not have a sampling and 

analysis method delineated 
- Metallic compounds were deleted because of difficul: 

analyzing the specific compounds; metals are sti: 
inc2uded as eiemental totals 

- If the compound had a low octanol--water partition 
coefficient and did not have inhalation toxicity 
(i.e., it was not bioaccumulative and there was r 
direct inhalation toxicity data, thus it woul,d nc 
affect the risk assessment) 

- The compound had low toxicity values 
- Naturally occurring plant toxins 

Certain compounds were kept on the list such as: 

- Pesticides that have a molecular structure that is s 
enough to be of concern as a PIC 

- Compounds with.very high octanol- water partition 
coefficients 

Planned Further Development of List 

EPA is undertaking experimental studies speeificalZy di 
toward determining which toxic organic compounds are likely 
formed in trace quantit,i.es from hazardous waste combustion de 
The studies will explore variations in combustion conditie 
the' effect on the specific organic molecules released. The s 
will also focus on defining operating parameters that can 
the type, character, and quantity of PIC emissions. 

Accounting for Unidentified Compounds 1 	 one of the concerns that has been raised by the pub: 
that, even with the lists described in the previous sections, 
may be a significant number of unidentified compounds i 
emissions which will contribute to the overall risk fro ~ 	 facility. 	While the risks associated with heavy metal 
believed to be adequately addressed directly, given the r -)mr 

i 	 level of compound identification, the ri.sks fxom un.L..en ,  
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organic compounds could potentially be significant. Presented 
below are two approaches for addressing those potential risks. OsW 
recommends using the first option but solicits comatent on the 
second approach. 

The first option assumes that the. unidentified organic 
compounds are similar in toxicity and chemical properties to those 
of the identified organic compounds taken as a whole, including 
compounds from the PIC list and any other voluntarily identif ied 

Under this assumption, the total risks f'rom the organic 
compounds would be equal to the risks from the identified organic 
compounds multiplied by the ratio of the mass of total organic 
compounds to the mass of the identified organic compounds. This is 
accomplished computationally by increasing the emission rate of 
each of the identified organic compounds by the ratio of the 
concentration of total organic compounds to the concentration of 
all the identified organic compounds combined. Mathematically, 
this may be written as follows: 

~~C 
gi, ad; - Q2  ~ TC j  

i 

where: 
Qj,dd; = adjusted emiss3,on rate, of compound .i 
Qi 	= em.ission rate of compound. i 
Ci 	= stack concentration of compound .i (carbon bas.fs) 
C70c  = staak concentrat.fon of total orqanic carbon 

The risk assessnient would then be conducted usinq the adjusted 
(i.e., increased) emission rates for each of the identified organic 
compounds. (Note: no adjustment is made to metals emissions.) 

The second option would assume that all unidentified organic 
compounds are carcinogens and have a carcinoqenic potency that is 
similar to the compounds on -the PIC list. This option was 
developed to address the concern that any voluntarily identified 
compounds, beyond those on the PIC list, would tend to be primarily 
noncarcinogens or low potency carcinogens. 
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Under this assumption, the total carcinogenic ris,. fi 
organic compounds would be increased by adjusting the emiss. 
each of th+e organic carcinogens on the PIC list as follows 

CTw  - ZCni  - ECcnk 
k 

QCpi,adj ` Qcpi ' 	 J C.cPj 
i 

WI1er'B : 
QcPi,adj - adjusted emission rate of PIC Iist 

carc.inogenic compound i 
Qcpz 	= em.iss.ion rate of PIC Iist carc.inogenic 

compound .i 
ccp t 	= stack concentrat.ton of P,IC 3ist carcin< 

compound i (carbon basi.$) 
Cnj 	= stack concentration of noncarc.inogenic 

compound j (carbon basis) 
Ccnk 	= stack concentration of non-PIC Zist 

carcinogenic compound k (carbon basis) 
CTOC 	= stack concentration of totax organic cz 

The risk assessment would then proceed using the a< 
(i.e., increased) emissions for the organic carcinogens i 
list and the measured (i.e., unadjusted) emissions for tne { 
carcinogens not on the PIC list and tlie organic noncarcinoc 

The ratio for adjusting the emissions in the above eq ,  
should be based on the mass of carbon. This is becac 
analytical methods typically used for measuring total 
carbon are based on detection of the amount of carbon 
released from thermally oxidizing the sample. The results 
expressed on a carbon atom basi.s or some other basis (s 
propane). Therefore, the measured stack gas concentratione 
organic compounds that are identified in the analysis must 
converted to an equivalent carbon basis, as appropriate. 

Total organic Carbon Analysis 

A total organic carbon (TOC) analysis is necessary to 
for the portion of the organ'ic emissions that are not speci 
identified and quantitated. The permit,writer should al: 
applicant the latitude to determine the method to be t 
measure Tt?C; At present, EPA cannot recommend a s.pecific 
Discussions with the Office of Research and Developme 
underway which are intended to lead to the developmen -  
standard method. In the interim, the permit writer should 
the applicant to demonstrate that the method being used does 
and measure a variety of organic compound types, such as th 
of organic compounds found on the kIC list. The method sd 
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minimize ainy positive interference from the detection of carbon 
dioxide and carbon monoxide. 

4uality Assurance 

In orfler to encourage as complete an identification of the 
organic emissions as possible, the permit writer may require less 
stringent data quality objectives for the organic compounds which 
are not on the recommended PTC tt.st . 

For TOC j the permit writer may want to consider esta.blishing 
specific quality assurance requirements on a case by case basis to 
ensure the reliability of the data. 

Detection Limits 

F'or compounds on the PIC. list which are not detected, the 
permit writer should evaluate whether they are li.kely to pose a 
significant risk at concentrations near the detection limit. If 
this is the case, or if the detection lim3.t achieved during the 
trial burn is significantly higher than can reasonably be achieved 
using sound sampling and analysis procedures, then these compounds 
should' be included in the risk assessment at an assumed 
concentration of 1/2 the detection limit. Other compounds which 
are not detected need not be oonsa.dered in the risk assessment. 

GUIDA 1~CE 02+1 _ TRIAL BURNS  

See Attachment B. 

A,R LP ICATIQN OF DATA  

See Attachment B. 

OTHER EMISSION SOURCEg 

The Draft Strateqy is intended to address risks from 
combusta.on una.ts burning hazardous wastes. Therefore, the analysis 
should ideally address air emissions from all'sources that are an 
integral part of the combustion operation, including activities 
such as storage, blending, and handlinq of wastes fed to the 
combustion unit itself, as well as storage and handling of 
combustion residues*(e.g., flyash, bottom ash, and quench water) 
generated by the combustion facility. For those facilities wh+ere 
these other activities are likely to contribute significant 
emissions and for which enough information is available to analyze 
their impact, the following approach is recomatended. 

"Fugitive" emissions generated from these on-site sources 
include volatile organics from RCRA-perYaitted tanks, containers, 
and related equipment (e.g., pumps,.valves, and flanges) used in 
the storage and handling of liquid hazardous waste and pumpable 
solids, as we11 as fugitive dust from storage and handling of 
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combustible solids and combustion residues in opei. t 
containers, waste piles, conveyers, and trucks. ,Fugitive emiE 
of volatile organics from equipment leaks (pumps, seals, fitt 
etc.) can be estimated on the basis of "Protocol for Equipment 
Emission Estimates", Document No. EPA-453/R-93/026. Fuc 
emissions of volatile organics from storage tanks and conte 
can be estimated using the_methodology provided in "Hazardous 
TSDF: Background Tnformation for Proposed RCRA Air Emi 
Standaxds". Document No. EPA-45013-89-023. These methods havF 
aCiap'GeQ Lor Spraaqr'f1E.'eC  

CHEMDAT7, which is available from the oAQPS Technology Tre 
Network (TTN) electronic bulletin boa.rd. Fugitive dust emis 
from open waste piles and staging areas can be estimated usir 
methodologies described in "Hazardous Waste TSDF - Fuc 
Particulate Matter Air Emissions Guidance Document", Doc 
No. EPA-450/3-89-019. Many of the calculations have 
computerized, as described in "User's Manual for the PM--10 
Fugitive Dust source Computer Model Package", Document 
EPA-450/3-90-410, and are available from the OACtPS TTN bul 
"board. Estimation of fugitive emissions using these me 
requires that estimates be made or measurements be taken c 
concentration of chemical constituents (e.g., volatile org~ 

semivolatile organics, and metals) in the wastes being used a: 
materials and in the combustion ash residuals.. 

Emissions from non-RCRA combustion units at 	: 
(e.g., power plants, etc.) and'from other RCRA facilities a 
geographic area would not be directly included in the analys_ 
would instead be considered as part of the background levelL 

3. RISR CBARACTERIZA'PION ISSUES 

Ha.storically, human health risk assessments in the 
program have focussed on high end indi.vidual. risk or on boc 
estimates, such as the hypothetic.al  "most eatposed indiv: 
(MEI). In the context of permitting haxardous waste combi 
facilities pursuant to the EPA's draft strategy, it is recomr. 
that risk assessors place primary emphasis on characterixir 
high end ot the range of individua3. risks. This is because 
anticipated that high end individual risk will weigh heavi 
risk managament decisions related to permitting. 

". 
 

As a first step, screening estimates may be usf 
demonstrate that risk from a particular combustion facil.i 
below a level of concern and that no further ri.sk  asse: 
analysis is needed. Detailed guidance for conducting scrc 
analyses is provirled in.Attachment C. 

The attached guidance, which was developed jointly 	o: 
4ERR, is meant to serve as a"work book" for permit write2 
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remaining parameters (other than media concentrations) tc 
reasonable maximum estimates of exposure. 

Constituents 

For indirect exposures, the scareening guidance focuse 
subset of constituents which have been judged to be of the gr 
concern by routes of exposure other thar ► direct inhalation 
A multiple-na.thwav evaluation which etnnhasi ,?eci for+el -t-a i- ~~-  

wa~ ~unauc c Cu Lur iuo compouncxs on Lne PiC ilst. Factors tha 
considered in choosing an appxopriate subset to address 
indirect exposure screening guidance i.ncluded the importa 
indirect exposure pathways (relative to the direct inha 
pathway) and the relative toxicity of the compound. 	C. 
currently evaluating the remaining compounds on the PIC 1 
determine whether additional compounda should be included 
screening guidance. 

The subset of constituents that was selected for inclus 
the guidance for assessing indirect exposures is made 
dioxin-liko- compounds (PCDD's and PCDF's), polycyclic ar 
hydroca bonss (PAH's); polychlorinated biphenyls (PCB's )  
metals. ~ Also included are selected chlorophenols, chlor 
benzenes, nitroaroraatics, and phthalates. These compounc 
among those that are most frequently detected during stack t 
of combustion devices. 

other constituents identified in the stack emissions th 
present at levels of concern through indirect exposure 
should a3.so  be included a.n the screening analysis. As indi 
OSW i.s evaluatinqr additi:onal compounds for possible .inclus 
the sareening guidance. For compounds which are identif_ 
stack gases but are not now addressed in the screening gui 
the Regions may want to contact OSW for assistance in eval 
these compounds and/or obtaining the relevant physical and ch 
properties data. Also, as the PIC identification guidan( 
discussed in Section 2, Emission Issues) begins to be implem 
the Regions are encouraged to inform oSW of the, magnitut 
frequency at which the various compounds are being found in 
gases. Such information wil], enable c?SW to evaluate wi,th g 
confidence what additional constituents may need to be addres 
future revisions to the guictance. 

For direct exposures, the screening analysis should i. 
all cgnstituents for which data are av'ailable (i.e:, da 
emi.ssions and information on toxicologic criteria or benchm 

` The April 15, 2994 draft sareeni.ng  guidance, which includes four 
(arsenic, beryllium, lead, and mercury), will be revised to in •dc 
additional metals which are on the PIC list (antimony, barium, cadmiuck, ch 
nickel, selenium, silver, and thallium). 

We 
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Given the diverse mixture of constituents to which individuals 
may be exposed from combustion sources, a screening analysis should 
consider additivity of both constituents and pathways, as discussed 
below in the sections "C{7MBINING CONSTITUENTS" and "COMBINING 
PATHWAYS" and in the soreening guidance. It is important to 
include the aignificant constituents and pathways in the screening 
analysis in order to retain the conservatism necessary

, 
 for 

developing appropriate screening estimates. 

Atthouah it is anticipated that site-specific land use data 
wili not cJenet'aliy  

screen.ing guidance does recommend that some site-specif ic data be 
used. This is the case for much of the input data required for the 
air dispersion and deposition model (currently recommended as 
CqMPDEP), due to the complex interactions among stack related 
parameters, terrain, and meteorological conditions. Here data 
availability should not be an issue: values for stack parameters 
should be available for any facility seeking a RCRA permit; actual 
terrain data are readily available for virtually all locations; and 
hourly meteorological data are available for numerous sites around 
the country.. The use of actual terrain and meteorological data is 
regarded as sta.ndard practice for the application of air dispersion 
models for most air pathway analyses involving the use of long-term 
(e.g.; annual) average ambient air concentrations.. Although the 
effort required to process these data is not trivial, standard 
procedures and software aare availabl.e for doing so and are widely 
used. Sources from which these data may be obtained are identif ied 
in the screening guidance. 

The screening guidance also recommends that certain 
site-specific data be used for surface water pathways, in 
particular the size and°location of the watershed or waterbody and, 
for rivers and streams, the average annual flow. Such data are 
readily.available and should be used; in certain instances, 
however, conservative default values are provided if needed. 

Fugitive Enissions and Upsets 

Fugitive emissions and upset emissions should be included in 
the screening analysis. Although upsets are not geinerally expected 
to increase stack ema.ssions by more than a factor of two over the 
life of the facility, upset emissions should be estimated for the 
particular facility based on the operating history of the facility 
or.similar. facilities. Fugitive emissions should be estimated 
based on the types of wastes the facility wi,ll be burning. (See 
the, discussion of "Other E~aission Si►xirces" under Section 2, 
"Emissions Issues°) 

Since fugitive emissions have characteristics that are 
different from those of stack emissions, dispersion of fugitive 
emissions should be modeled separately, wi.th  the plume impacts 
being added at the receptor point. A number of dispersion models 
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can be used for this purpose, including the FDM and ISC2 models, 
mode].s which are available on the oAQPS TTN bulletin board. 

Bcological Effects 

Given the EPA's conunitment to the protection of ecosystems, it 
is also expected that as part of the screening analysis an 
evaluation should be conducted of the potential for ecological 
tmriSf,t-_ r.c, t.hp- e+rtont feasz.ble. 	tA"lthouah thia issue arises in 
botn screening ano aeca,.iled or sice-spectric 	 A..0 
discuased here.) 	The ecological assessment should include 
identifying critical ecological resources to be protected from 
reduction, degradation, or loss in quantity, quality or use, 
including critical fish and wildlife habitat and the presence of 
endangered species. Also, the ecological assessment should include 
an evaluation of whether the i.mpacts of the cotabustion facility on 
ambient surface water concentrations of toxic constituents are 
likely to cause exceedances of State water quality standards. 

+ 	.. ~ 	~ 	~ 	~ 	~ .... 	'• 	J;. 

If the screening analysis indicates that a more detailed, 
site-specific risk assessment is needed, it should include a 
description zof the high end of the distribution of individual 
exposure(s). High end exposure(s) are plausible estimates of 
indi.vi.dual exposure(s) for those persons at the upper end of the 
distribution. The intent of this descriptor is to convey estimates 
of exposure in the upper' range of the distribution, but to avoid 
estimates which are beyond or above the true distribution. 
Conceptually, high end exposure(s) means exposure(s) above_ the 
90th percentile of the population distribution, but not higher than 
the individual in the.population who has the highest exposure. 

The Draft Addendum describes an approach Eor estimating the 
distribution of exposures across the population in the study area 
through a combination of concentration isopleths and information on 
act'ivity patterns (location of farms,.residenti,al areas, etc.). 
This approach provides exposure estimates for population subgroups 
(farmers, school children, etc.) within each of the isopleths, and 
these estimates can be combined to yield a general population 
distribution. The high end individual exposure can then be 
determined by selecting within the niost exposed 10 percent of the 
distribution., 

This approach will require that a substantial amount of 
information be collected on locations and a ►ctivity patterns for the 
whole population of concern in the study area. An alternative 
approach would be to identify those populations in areas with 
relatively high concentrations and high risk activity patterns and 
define these as the high end of the distribution. tliis alternative 

°? "Guidance for Risk AssensmenL", Risk Assessment Council, November 1991. 
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may require some i.terative analysi.s, particularly since high risk 
activity patterns can vary depending on the constituent. However, 
this approach could requa.re  collectiori of substantially less 
information. 

Once a population of concern has been identified, one can 
either set all exposure parameters such as consumption rates to 
central tendency values (if this population is relatively small) or 
else high end exposures within that population can be estimated by 
identifying the most sensitive parameters that determine the 

nf ni7e~ t~Y ~. f[?'4t l7f th@se 

to their high end valies while leaving al1 ottier parame.ters a -c 
thei.r "typical" values. HoYaever, combinations of parameter values 
that are highly unlikely to occur at the same, time should be 
excluded. Generally speaking, parameters that are known to be 
highly correlated should be varied together. Whether the upper end 
or the lower end of the distribution of the parameter is -used 
depends on whether the parameter has a directly proportional or 
inversely proportional relationship to risk. Sensitivity analysis 
should be perfornned to support the selection of the most sensitive 
parameters for the various constituents and pathways. 

In sett%ng the values of the most sensitive parameters for use 
in estimating the high end exposure, it is recommended that values 
at or above the 90th percentile be used (or, conversely, at or 
below the lOth percentile). If only a relatively few data poi.nts 
are available, the maximum or near-maximum value should be used 
(or, conversely, the m.inimum or near-mini,mum value). 

Wal, !~t~!i~t~i~I!3k~`~il~iy- 

Generally speaking, the risks to an individual exposed to a 
mixture of carcinogens should be combined by adding the 
constituent-specific risks, unless synergistic or antagonistij 
interactions" are known to occur for the specific mixture. 
However, for systemic toxicants, estimating a hazard index for a 
mixture is+ generally appropriate only if the 5  constitiuents induce 
the same effect by similar modes of action. Because different 
effects occur for the same chemical at different dosages, and 
because biochemical mechanisms are infrequently known or 
understood, it is suggested that hazard indices for mixtures be 
estimated only if, at a minimum, the RfDs of the individual 

3  Ibid. 

I

"The Risk Assessment Guidelines of 1986", office of Health and 
Envirornmental Assessment, August 1987. 

5 Ibid. 
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components are all based on effects in the same target organ. s  It 
should be noted that, since many carcinogens a3.so  exhibit systemic 
effects, carcinogens should be included for consideration when 
non-cancer individual risks frorn chemical mixtures are being 
evaluated. l  

caMBINING PATAWAY5 

when estimating individual daily doses, exposures from 
ti114A.8retli: JlctGltwax  
(i.e., oral, dermal, or.  inhalation) if there is a reasonable 
expectation that the same individuals are exposed. 

For carci.nogens, exposures can be added across direct and 
indirect pathways if the constituent is a carcinogen through both 
oral and inhalation routes. For non-carcinogens, it is appropriate 
to add oral and inhalation exposures only if there is information 
to indicate that the oral reference dose and the inhalation 
reference concentration are based on the same effect. Generally, 
dermal exposures can be combined with oral exposures. 

when combining exposures, it is important to consider whether 
the same individual is likely to be exposed through each of the 
exposure pathways that are being added. 

" • 	C 0  !SS 	• 

The duration of exposure should take into account both the 
expected operational life of the facility and the time period of 
residence that is discussed in the guidance. For many exposure 
pathways, exposures may continue after the facility has ceased 
operations, due to continued cycling of contamination in and 
between biota, soils, and sediments. Generally speaking, exposure 
durations should represent less-than-lifetime exposures, unless it 
is reasonable to expect that individuals will be exposed for a 
1,.ifetime. Estimates of the like3.y duration of exposure via a given 
exposure pathway should be made wherever possible. Local census 
data and, for unusual situations, limited site-specific surveys can 
help establish the likely durations of individual exposures. 

4. 	RISX IGMGEMffiNT Is8IIE8 

The risk assessment should consider both current land use and 
ways in which the land surrounding a combustion unit are reasonably 

° "Risk Assessment Guidance for Superfund Volume I Kuman Healtln Bvaluatian 
Manual (Part A)", office of Emergency and Remedial Response, December 1989, 

7  Ibid. 
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likely to be used so that the appropriate exposure pathways, 
~ 	 potentially exposed pcipulations, exposure parameters, and equations 

 can be used to estimate acceptable emission limitations. 	To 
I 	determine reasonably expected land uses, ri.sk  assessors should rely 
~ 	 on a combination of available information and best professional 

judgment. 	Several factors to be considered for determining 
I reasonably expected land use include: projected land use based on 

recent trends, changes in population growth and population density 
near the combustion unit, and restricted land uses because of local 
aoning laws. 

,'99~  i : r ~: ~  : ~AP1 ! ! h~  . 04 ~3 t AR 

To ensure protection of human health from emissions of toxic 
constituents, the total incremental risk from the high-end 
individuaJ~ exposure to car.cinogenic constituents should not 
exceed lo ,  .For systemic toxicants, the hazard quotient (e.g,., the 
rati.o of the total daily oral intake to the reference dose) for the 
constituen~ or, when appropri.ate, the mixture should be less 
than 0.25. In the case of lead, for which there is no reference 
dose, direct comparison with media-specific health based level.s is 
suggested, after adjusting for background levelj; specifically, 
values of 100 mg/kg for soils and 0.2 µg/m for air are 
recommended. (Note: See the discussions on "C4MBINING CONSTITUENTS" 
and "COMBINING PATHWAYS" for more specific guidance.) 

The selection of these levels (as opposed to, for example, an 
incremental cancer risk level of 10 and a hazard quotient of 1.0) 
was done in part to account for exposure to background levels of 
contamination (including indirect exposures from other combustion 
units) which should be considered as part .of the risk.estimati.on 
and decision-making process to set emission levels at a combustion 
unit. The unit will not likely be the only source contributing to 
exposures iri the study area and to neglect other environmental 
sources may overestimate an allowable emission level, leadi,nq to 
unacceptable total risk to the public. In thi.s case, background is 
defined as those exposures in drinking water, food; and air 
attributable to sources other than the combustion unit(s) being 
assessed. 

If detailed information on background sources is available for 
a parti,+cular area, the permit writer may choose to use this 
information to develop an alternative approach for incorporating 
background levels. 

- This approach is consisterit with the approach taken'in the Boiler and 
Industrial Furnace Aule, 55 FR 7169 (February 21, 1991). However, the way in 
which cancer risk is estimated in this guidance differs from the SIF rule to mor® 
closely follow Agency guidance. For example, in the BIF rule carcinogenic metals 
and organic compounds are not aggregated, Group A and H carcinogens are not 
aggregated with Group c carcinogene, and a hypothetical MEI is estimated. 
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OT : 	The resuits of any risk assessment which is 
conducted pursuant to this guidance do not 
replace the requirements of the BIF rules at 
40 CFR Part 266 Subpart H. Therefore, 
allowable levels of inetals emissions that are 
derived from a risk assessment conducted 
pursuant to this guidance should be compared 

more stringent levels should be used to , 
establish the permit limits. However, for 
incinerators, allowable ievels that are 
derived from a ri.sk  assessment conducted 
pursuant to this guidance should be used to 
.establish the permit limits, as applied under 
Omnibus authority. 
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